 Abstract-Arsenic (As) contamination in natural environment is a problem in many countries. Plants exposed to As show cytotoxic effects as inhibit cellular function, disrupt metabolism and reduce the yield. However, little is known about the molecular mechanisms of rice early expose to arsenate (AsV) at low concentration (10μM). Therefore, to better understand the molecular basis of rice cells, we performed a large-scale during analysis of the rice transcriptome within 24 hours challenged with AsV, one kind of common As inorganic species. In our microarray data, 614 transcripts were identified in response to AsV treatment. These transcripts related in plant defense mechanisms and the regulation of genes encoding to glutathione-S-transferase, oxidative stress, heat shock protein and enzymes in the ubiquitination pathway of protein degradation. Several important genes related to sulfate assimilation and GSH metabolism were induced for detoxification of As. Activities of peroxidase (POD) in rice roots increased after 12h and 24h treated to AsV, while the glutathione content at 12 h displayed decreasing trend but increasing trend after 24 h. Taken together, these data provide an overview of novel insights of AsV detoxification in rice and elicited for further investigation mechanism of arsenic detoxification in plants.
I. INTRODUCTION
Arsenic (As) is a toxic metalloid present in ground and surface waters throughout the world [1] . Two kind of inorganic forms of As exits popularly in environment are arsenite (AsIII) and arsenate (AsV), which are more toxic than the organic forms. Both of inorganic forms are highly toxic and plants exposed to them show symptoms relating inhibited root growth, decreased photosynthetic rate and reduced in crop yield. As concentration in groundwater in many countries such as United State and Asians have reported excess 10 µg/l, the permissible limit by WHO [2] . Arsenic in the groundwater can be used for irrigation that enters to the food-chain through plant up take and consumption by animals and humans. As concentration in rice and some vegetables are exceed the safety limits [3] . Previous studies have reported the molecular mechanism in plants during As stress [4] , [5] . However, these studies carried out in the plants exposed to high As concentrations, little is known on rice roots subjected to low concentration of AsV. Moreover, rice (Oryza sativa L.) that is one of the Manuscript received July 29, 2013; revised September 24, 2013. Quynh-Thi Thuy Nguyen and Tsai-Lien Huang contributed equally to this article.
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Tsai-Lien Huang is with Center for General Eduction, Tzu Chi College of Technology, Taiwan. most popular cereals worldwide. Hence, we focused rice to study the molecular mechanism and identify gene expression during the early stages with AsV.
Under environmental stresses including the heavy metals disrupt the redox homeostasis of cells and produce rapidly of reactive oxygen species (ROS). At low concentration, ROS seem as a signal for repairing of cellular damage, but high levels may lead lipid peroxidation, enzyme inactivation and DNA and membrane damage. To defend against oxidative damage, plants produce enzymatic antioxidants such as peroxidase (POD) and non-enzymatic antioxidant such as glutathione (GSH) which play an important role in regulating the concentrations of cellular ROS [6] .
Recently, plants have been known to detoxify and accumulate As in the root tissues. After entering into roots, AsV is reduced to AsIII which is subsequently detoxified by phytochelatins (PCs). Studies showed that phytochelatins (PCs) play an important role in the detoxification of As [4] , or heavy metals [7] . AsV-PCs complexes sequestered into vacuoles by glutathione-conjugating pumps, and then form a more complex aggregation in the vacuole [8] . Two genes that belong to ATP binding cassette (ABC) transporter, AtABCC1 and AtABCC2, are major vacuolar PC transporters required for As detoxification [9] .
Currently, cDNA microarray assay is a useful tool for understanding the plant regulatory mechanisms under biotic/abiotic stresses. Hence, the aims of our study were to understand molecular mechanism of As detoxification in rice roots response to AsV stress at low concentration utilizing a custom Agilent 44K rice microarray. Our data indicated that the involvement of the stress-related genes and the genes related to anti-oxidation systems were positive regulated, and biosynthesis pathways were regulated. These findings expand that of previous studies about transcriptional responses and provide more clues to understanding the molecular and detoxification mechanism in rice under arsenic stress.
II. MATERIAL AND METHODS

A. Plant Material, Growth and Stress Conditions
Rice seeds (Oryza sativa L. cv. TN-67) were germinated in distilled water for 3 days at 26 0 C in darkness. Once the roots reached 3-4cm in length, they were treated with different concentrations of AsV (Na 2 HAsO 4 .7H 2 O; Sigma, USA) during 3 d, then root lengths were measured by metric scale. Experiments were repeated at least three times. h, was extracted using of the RNAeasy Plant Mini Kit (QIAGEN, Hilden, Germany). cDNA was performed from 1µg of total RNA from each sample with a ImProm-II Reverse Transcription System (Promega, USA). The primer sequences of selected genes for semi-quantitative RT-PCR were designed to span an exon-exon junction, eliminating amplification of genomic DNA. Tubulin gene was used as an internal control to ensure that equal amounts of cDNA in all the reactions. All experiments were repeated at least 3 times for each gene.
C. Microarray Experiment and Transcriptome Analyses
Total RNA of the rice roots were collected in control conditions and AsV-treated, which used as probes for the Agilent Rice Oligo microarray (44K Agilent Technologies, USA). Briefly 0.7 μg of total RNA was amplified by a Fluorescent Linear Amplification Kit (Agilent Technologies, USA) and labeled with Cy3-CTP (control samples) or Cy5-CTP (AsV-treated) (CyDye, PerkinElmer, USA). Hybridization at 60 o C for 17 h in a rotating hybridization oven according to the manufacturer's protocol. Raw data were normalized by the GenSpringGX11 software (Agilent Technologies). Data were log2 converted and statistically analyzed by using Rank Products technique to identify differentially expressed genes with P value < 0.001 in the ttest. The Benjamini-Hochberg False Discovery Rate (FDR) method was calculated to obtain corrected P values for multiple testing. Genes were considered as significantly up/down regulated if the FDR value for the corresponding probe set was < 0.15. AsV-induced genes were classified into functional categories based on EasyGO functional enrichment analysis [10] and Mapman [11] .
D. Determine POD Activity
For extraction of POD enzyme, AsV-treated roots were homogenized with 0.1 M sodium phosphate buffer (pH 6.8). The homogenate was centrifuged at 13,000 g for 15 min and the collecting supernatant was used for determination of enzyme activity. The whole extraction procedure was performed at 4°C. POD was assayed as described previously [12] .
E. Measurement of Glutathione Content
Total glutathione content was analyzed according to Anderson et al. (1995) [13] . About 0.1 g fresh rice roots were homogenized in 5% sulpho-salicylic acid. 100μl supernatant was collected and mixed to 700μl of 0.3 mM of NADPH, 100 μl of DTNB solution and 50 μl of glutathione reductase (10 units ml -1 ). The reaction mixture was measured at 412 nm at room temperature. GSH content was calculated by subtracting GSSG from the total glutathione (GSH+ GSSG).
III. RESULTS AND DISCUSSION
A. Effect of AsV Stress on Root Growth
Arsenate (AsV) is considered to be among the most toxic to plants. To examine the its toxicity on rice seedlings, we performed a set period of time with different concentration of AsV solutions. The growth of rice roots exposed to 25 μM was completely inhibited, and the root elongation was reduced by approximately one-half at 10 μM ( Fig. 1) . Therefore, the microarray assay was designed to identify genes that are expressed differently in rice roots treated with 10 μM AsV for 24 h. 
B. Identify AsV-Induced Genes Expression in Rice Roots
To analysis the molecular mechanisms response to AsV, a 44K cDNA microarray was applied to analyze the transcription levels of the rice roots exposed to the AsV (10μM). 427 up-and 187 down-regulated genes were found. Using the gene ontology (GO) annotation with an fdr adjusted p-value of ≤ 0.05 as the cutoff [14] , we identified the 8 GO categories into which up-regulated transcripts ( Table I ). Most of the these genes were assigned into biological process and molecular function such as secondary metabolic process, response to stress, jasmonic acid (JA) biosynthetic process, glutathione transferase activity, chitin binding, oxygen binding and UDP-glycosyltransferase activity. Whereas, number of the down-regulated genes belonged the sulfotransferase activity, lipid metabolic process and endomembrane system terms were induced (Table I) . It is interesting to note that 20 genes encoding to lipid metabolic process were down-regulated in rice roots exposed to AsV. Lipid metabolic process known that related to construction of cellular membrane system and biosynthesis endogenous necessary to cell expansion. Therefore, AsV may have a significant effect on the inhibition of root elongation by regulation cell membrane structure.
Numerous detoxification-related genes were up-/downregulated in rice roots subjected to AsV. One gene encoding to Metallothionein (MTs, Os12g0568200) were found in our library. All of 14 genes encoding Cytochrome P450 (CYP) were observed to be upregulated. Using the Mapman software, we found also 10 putative regulatory genes encoding proteasome-related pathway under AsV treatment ( Fig. 2a ). These genes belong to various types of proteasome-related components such as RING/U-box superfamily protein (Os06g0159900), RING-H2 finger protein ATL40 (Os06g0537300) and RING-Zn finger proteins (Os01g0213400, Os02g0559800, Os05g0360400, Os07g0631200 and Os09g0243200). A total of 9 heat shock proteins (HSPs) were found to be up-regulated in rice root treated to AsV. Metallothioneins (MTs) have been known involved in maintaining the homeostasis of essential metals and function in non-essential metal detoxification [8] . Studies demonstrated that common pathway for the detoxification in most of organisms mediated by groups of enzymes as CYP. Chakrabarty et al. (2009) [15] indicated that the differently regulation of CYP from 10-days-old seedlings under higher concentration of AsV (25µM) and AsV (250µM). Interestingly, at high concentration (100μM), AsV pointed out that has a dual effect on the Ub-dependent proteolytic pathway and caused its inhibition [16] , but at lower concentration the Ub-conjugation enzymes are increase [17] . Hence, we suggest that the CYPs and Ub/protease-related proteins are necessary to counteract the toxicity induced by AsV in rice. Our microarray data revealed that various reactive oxidative stress (ROS)-related genes were to be up-/downregulated. 7 genes encoding to peroxidase were found to be up-and down-regulated in rice roots subjected to AsV. It suggested that AsV activated specific responses to the plant antioxidant defense system [18] . To confirm the observation above, we determined the enzymatic activity of POD in the rice roots with AsV at two time points (12h and 24h treatments) (Fig. 3a) . The result showed that the activity of POD increased significantly in response to AsV in both of time points, suggest that in rice plants POD may play important role in detoxification of H 2 O 2 generated in the cellular.
Among genes reactive oxidative stress (ROS)-related, we found two genes encoding to Glutaredoxin (Grx: Os01g0241400 and Os02g0618100) were up-regulated. Especially, numerous of gene encoding to Glutathione Stransferase (GST) was significantly enrichment among the reactive oxygen species-related gene families. Studies showed that reactive oxygen species (ROS)-associated genes induced by heavy metals [19] . Glutaredoxin that is thought to mediate to glutathione biochemistry also showed up-regulated expression in our study. Both of two Grx genes have been reported in increased more than fivefold in rice roots subjected to juglone [9] . The up-regulated of GSTs has been shown in response to various heavy metals [20] . GSTs are known to catalyze the conjugation of heavy metals with reduced glutathione (GSH) and target them for ATPdependent transport into the vacuole. Especially, three genes related to sulfate assimilation were up-regulated significantly by the AsV treatment (Fig. 2b) . Among them, two cysteine biosynthesis-related genes encoding serine acetyltransferse (SAT, Os03g19660 and Os03g018500) and one Multidrug-resistance associated protein (Os06g0158900). GSTs are known to catalyze the conjugation of toxic molecules such as heavy metals with reduced glutathione (GSH) and target them for ATPdependent transport into the vacuole. The sulfate assimilation plays an important role in synthesizing cysteine, a precursor of glutathione biosynthesis [21] . Moreover, the activity of SAT has also shown increase in response to arsenic in plants [22] , [23] . Together with our findings and the previous studies, we suggest that activity of SAT controls GSH biosynthesis in AsV detoxification in rice.
Our results showed that GSH content immediately decreased during 12 h treatment of AsV, then gradually increase during 24 h (Fig. 3b) . Depletion of GSH observed International Journal of Bioscience, Biochemistry and Bioinformatics, Vol. 4, No. 1, January 2014 in Arabidopsis plants subjected to arsenate [24] . GSH levels would be rapidly depleted due to phytochelatins (PCs) production that leading to change in the equilibrium of ROS concentration and antioxidant enzymes in the cells [25] .
A large number of transporter-related genes were found belonging to ATP-dependent transporters, secondary transporter and ion channels are expressed in AsV treatment. Among them, ABC transporters are known in the transport of various compounds across biology membranes as well as phospholipids, ions, xenobiotics and heavy metals in plants and animals [26] . 11 genes encoding to ABC transporters were found to be up-regulated more than 7-fold in our study ( Table 2) . Studies have been shown that ABC transporters are concerned in arsenic detoxification by transporting GSH-complexed As [27] , [28] . The up-regulation of two ABC transporters transcriptions (Os01g0695800, Os04g0209200) were analyzed in our study, as well as in other report under Cd stress in rice roots [29] . Transcription factors (TFs) and signaling regulators are known to be the most important category of genes related to expression of downstream genes that induced by abiotic stress [30] . 16 TFs genes which were identified in our microarray analysis. The expression of three genes encoding to MYB (Os10g0562100, Os01g0685400 and Os04g0593200) were increased. The MYB family members play important roles in response to biotic and abitotic stresses in plants [31] . Borevitz (2000) [32] reported that several MYP transcription factors that regulated the transcription of number genes related to Glutathione-Stransferase. One basic helix-loop-helix (bHLH) transcription factors genes (Os10g0556200) were up-regulated in AsV stress. The overexpression of OsbHLH148 in transgenic plants related to tolerance to drought stress [33] . Especially, bZIP10 (Os01g0859300) was up-regulated significantly forty-fold from rice roots subjected to AsV. The expression of OsbZIP10 reported that induced by drought, salt and cold stress treatments [34] . Thus, we could suggest that these transcription factors were regulatory factors in rice seedlings subjected with AsV low concentrations at early stage.
In our study, most all of the AsV-responsive kinases were associated with tyrosine kinase-like (TKL) groups and were to be up-/down-regulated. Recent studies revealed that role In order to validate gene expression changes determined by microarray, RT-PCR was conducted on five selected genes related to different pathways. The RT-PCR results showed similar to microarray data obtained in the microarray analysis ( Fig. 4 ). In conclusion, our microarray results suggest that detoxification proteins such as MT, CYP and ROS scavengers are related to protection against AsV toxicity. In addition, more regulation function-related proteins including protein transporters, kianses and TFs play an important role in AsV stress in rice seedlings (Fig. 5 ). Taken together, our data provide insights that lead to a further understanding of molecular and physiological response to the early stage of AsV stress in rice plants. of TKL involved in abiotic stress responses [35] , [36] . Base on these reports, we assumed that protein kinases may be involved in defense and tolerance response under AsV treatment condition. She is an assistant professor in Center for General Eduction, Tzu Chi College of Technology. Her research interest is plant molecular of biology.
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